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^ (54) Title: DRUG DISPENSING COMPONENTS 
V© 

^ (57) Abstract: A medicament dispenser comprising a canister and a drug dispensing valve, wherein one or more smfaces of said 
canister and/or valve has a fluorinated coating provided by a process comprising generating one or more fluorine-containing radical 
— species and polymerising said radicals on said one or more surfaces, provided that the radicals are generated by a hot filament chem- 

^5 ical vapour process, p3TOlisation of fluoroparylene dimers, use of a photo initiator to create radicals from a fluoroacrylate or laser 
ablation of a flaoropolymer target Also disclosed is a medicament dispenser comprising a canister and a drug -dispensing valve. 

Q whejein one or more surfaces of said canister and/or valve has a fluorinated coating provided by a process comprising incoiporaling 

^> a fluorine-containing species into a liquid or gas, depositing a fluorine-containing layer on said one or more surfaces, and thereafter 
optionally removing the liquid or gas. 
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DRUG DISPENSING COMPONENTS 
Related Applicatiohs 

5 The present application daims priority from UK patent application No. 

0122725.5 filed 21 September 2001, the entire content of which is hereby 
Incorporated herein by reference. 

Field of the Invention 

10 

The present Invention relates to medicament dispensers, metered dose 
inhalers and components thereof. More especially, the Invention relates to 
medlcanient dispensers and metered dose Inhalers for conslstentiy dispensing a 
prescribed dose of medicament 

IS. 

Background to the Invention 

Drugs for treating respiratory and nasal disorders are frequently administered 
in aerosol fonnulations through the mouth or nose. One widely used method for 
20 dispensing such aerosol drug formulations involves formulating the drug as a 
suspension or a solution in a liquefied gas propellant. The suspension/solution is 
stored in a sealed canister capable of withstanding the pressure required to maintain 
the propellant as a liquid. The suspension/solution is dispersed by activation of a 
dose-metering valve afRxed to the canister. 

25 

A metering valve generally comprises a metering chamber, which Is of a set 
volume and Is designed to administer per actuation an accurate predetermined dose 
of medicament The suspension/solution is forced from the dose-metering valve on 
actuation by the high vapour pressure of the propellant The propellant rapidly 
3 0 vaporises leaving a cloud of very fine particles of the dmg formulation. This doud of 
particles is directed into the nose or mouth of the patient by a channelling device 
such as a cylinder or open-ended cone. Concuhentiy with the actuation of the 



aerosol dose-metering valve, the patient Inhales the drug particles Into the lungs or 
nasal cavity. Systems tor dispensing dnjgs in this way are known as "metered dose 
inhalere" (MDIs). See Peter Bvron. Resoiraton^ Drug D elivers. CRC Press. Boca 
Raton. FL f1990) for a general background on this fomn of therapy. 

5 

Patients often rely on medication delivered by MDIs for rapid treatment of 
respiratory disorders, which are debilitating and in some cases even life threatening. 
Therefore, it is essential that the prescribed dose of aerosol medication delivered to 
the patient consistently meets the specifications claimed by the manufacturer and 
10 complies with the requirements of the FDA and other regulatory authorities. That is. 
every dose delivered from an MDI must lie within a very tightly controlled 
speciftoation range. 

A problem which can exist with dmg delivery devices such as MDIs is the 
IS- deposltkjn o f the m odic n mpn t , nr the so l i d fT tmpnn R nt from a siispen s kin of a 
particulate product ip a liquid propeilant, onto the intemal surfaces of the device 
which can occur eiOier immediately after manufacture or after a number of operation 
cycles and/or storage. This can lead to a reduction in the efficacy of ttie device and 
of the resulting treatment as tiie depos'rtion of the product reduces tiie amount of 
20 active drug available to be dispensed to the patient and can also reduce the 
unifomnity of tiie dose dispensed during tiie lifetime of tiie device. 

The problem of drug adherence and dose unifomnity can be greater wfth 
suspension formulations comprising hydrofluoroalkane propellents, for example, 
25 1,1,1.2-tetrafluoroethane (HFA134a) and 1,1,1,2,3,3,3-n-heptafluoropropane 
(HFA227) which have been developed as ozone friendly replacements of 
chlorofluorocarbon propellants such as P1 1 , P1 14 and P12. 

Some conventional devices rely on shaking the dispenser to agitate the liquid 
30 propellent and product mixture therein, In an attempt to dislodge tiie deposited 
particles. However, while in some cases this remedy can be effective wifliin the 
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body of the drug canister itself, it may not be effective for particles deposited on the 
inner surfaces of the other MDI components, such as the metering valve. 

One solution to this problem is to provide a coating on the intemal surfaces of 
5 the valve or canister which contact the medicament and which inhibits dnjg 
deposition, wherein the coating Is of a fluorinated polymer, for example PTFE. TTie 
process used to date to provide such a coating Is a continuous wave radio frequency 
plasma process, such as a cold plasma radio frequency process, which in theory 
operates In an energy range of 2MHz to 200MHz, but practically is only able to 

10 operate at an energy of 13-56MHz, 27.12MHz and 40.68MHz, since these are the 
only frequencies designated to industrial use In unrestricted power. There are, 
however, problems with using such a continuous wave radio frequency plasma 
process: the substrate and/or monomer may be damaged by the use of continuous 
waves of this specific energy and frequency; the Inside of intricate shapes will not be 

JLS. coated- or be ins uffi cie nt l y c o at e d ; s om e of th e coattoganay break fifie e and-eod-upJo- 
the canister along with the drug fomnulation; and tiie coating may be difficult to 
characterise. 



20 



Summarv of the Invention 

It Is therefore an aim of the present invention to provide a dispenser for a 
medicament in which one or more of the surfaces thereof have a fluorinated coating 
provided by a process which does not result In the problems mentioned above. 

25 A further aim of the invention is to provide a coating which reduces moisture 

Ingress Info a pharmaceutical aerosol formulation, reduces the absorption of the 
drug Into the substrate, e.g. of rubber, and reduces frictfon between movable parts in 
inhalation devices. 
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Detailed Description of the Invention 



In a first aspect of the invention there Is provided a medicament dispenser 
comprising a canister and a drug dispensing valve, wherein one or more surfaces of 
5 said canister and/or valve has a fluorinated coating provided by a process 
comprising generating one or more fluorine-containing radical species and 
polymerising said radicals on said one or more surfaces, provided that the radicals 
are generated by a hot filament chemical vapour process, pyrolisation of 
fluoroparylene dimers, use of a photo initiator to create radicals from a fluoroacrylate 
10 or laser ablation of a fluoropolymer target. 

The invention also provides a process for the preparation of a medicament 
dispenser as hereinbefore defined, said process comprising generating one or more 
fluorine-containing radical species by (I) a hot filament chemical vapour process, 



1-^ i^yrelisation-of^uoropagyteRe^dlff^^ of a photo in i t iator to crea te radic a l s from a 

fluoroacrylate or laser ablation of a fluoropolymer target, and (ii) polymerising said 
radicals on said one or more surfaces. Polymerisation of the radicals may occur 
subsequent to generation of the radicals,, or polymerisation may begin while 
additional radicals are being generated. 



In the case of a hot filament chemical vapour process, a fluorinated 
compound, such as a fluorinated gas, is heated to provide fluorine-containing 
radicals, such as CF2 radicals, which subsequentiy condense and polymerise on the 
surface of a substrate to fomri an essentially PTFE coating. This process is a simple 
25 process that can be used to coat intricate substrates and which causes no damage 
to the substrate. 




20 



Alternatively, fluoroparylene dimers, for example of formula (I) 



CI 
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are heated and then pyrolised to form a dhradicar monomer, which condenses and 
5 polymerises on a cooled substrate. This Is a simple process, which can be used to 
coat intricate substrates and causes no damage to the substrate. Furthermore, the 
composition of the coating will be known. 

Al ternatively, a photo initiator, for eXam plg"mormiJla-PhCh2C(QtfXC^3^^ 
10 is used to create radicals from a fluoroacrylate, for example of formula 
C8Fi7CH2CH20CO=CH2.The radicals so fbmied then polymerise on one or more of 
the su rfaces of the canister and/or valve. 

Mematively, fluorinated radicals may be obtained by laser ablation of a 
15 fluoropolymer target. For example, a pulsed laser may be directed onto sintered 
fluoropolymer, such as PTFE, In an argon atmosphere, the fluoropolymer volatilises 
to form fluorine-containing radicals, the radicals polymerising on one or more 
surfaces of the canister and/or valve. 

20 The invention further provides a medicament dispenser comprising a canister 

and .a drug xlispensing valve, wherein one or more surfaces of said canister and/pr 
valve has a fluorinated coating provided by a process comprising incorporating a 
fluorine-containing species Into a liquid or gas, depositing a fluorine-containing layer 
on said one or more surfaces, and thereafter optionally removing the liquid or gas. 



25 



• The invention furtlier provides a process for the preparation of a medicament 
dispenser as hereinbefore defined, said process comprising incorporating a fluorine- 
containing species into a iiquid or gas, depositing a fluorine-containing layer on said 
one or more surfaces, and thereafter optionally removing tiie liquid or gas. 

5 . . 

in one embodiment, a fluorine-containing species, such as a fluorinated 
polymer, is dissolved in a supercritical fluid solution, for example supercritical CO2, 
and subsequentiy deposited on one or more surfaces of the canister and/or valve to 
fomi a coating, thereafter removing the supercritical fluid. Such a process is simple 
10 and dean and provides a coating of known composition. 

In a furOier embodiment, a fluorine-containing species, such as a 
fluort)polymer, is dissolved in a solvent, such as etiianol, which does not require a 
high temperature curing process, one or more of the surfaces of the canister and/or 
IS. valve ar e r^^teH and fha g nivant k si ihspqi iftntly rftmov fi d .. 

In a further embodiment, a nanoemulsion of a fluorine containing species, 
such as a fluoropolymer, for example PTFE. Is prepared, the emulsion is applied to 
the canister and/or valve surfaces to be coated and is dried, for exampte at 100«»C. 

20 

In a yet further embodiment, a fluorine-containing species, for example 
fluorine gas, is incorporated into an inert gas at an elevated temperature, for 
example 100°C. Hydrogen atoms at tiie substi-ate surface are substituted witii 
fluorine atoms to provide a monolayer coating of fluorine. 

25 

Ordinarily, tiie suriace(s) to be coated is a suri^ace which, in use of tiie 
dispenser, contacts ttie medicament, e.g. when the dispenser is filled with a 
medicament in a fluid propellent 

30 One advantage of using a coating process hereinbefore described is that 

intricate shapes may l)e coated and tiie coating is not restricted to the "line of sighr. 
That is, ttie inside of componente not readily visible may be coated. 



Suitably, the surface energy of the resulting coating of the Invention, gives a 
contact angle of greater than 70 degrees, preferably greater than 90 degrees, more 
preferably greater than 110 degrees. The temi •'contact angle" is the angle between 
5 a liquid water droplet and the coated surface of the canisterA/ah/e at the liquid/solid 
interface as measured in ambient conditions, i.e. at a temperature of 20°C (± 5^C) 
and a relative humidity of 50% (± 20%). The contact angle may be measured on a 
coating deposited on a flat polybutylene terephthalate (PBT) substrate surface in 
accordance with the process of the invention. 

10 

In a llirther embodiment, the dispenser of the invention further comprises 
moisture-absorbing means. The moisture absorbing means will generally comprise a 
desfccant material. 

xs In one emhorfimftnt , ifafi-m n! , <^ti i rp . ah , cs n r hing mR aps -is conta i ned with i n the 

canister. Preferably, the moisture absorbing means will be particulate, the particles 
being of a size which are not inhaled Into the lung, for example they have a mean 
size (e.g. mass median diameter MIVID) of greater flian lOOpm. According to anottier 
aspect of this embodiment, preferably the moisture absorbing means is not able to 

2 0 pass tiirough the valve (e.g. not able to enter the metering diamber of the valve), for 

example by virtue of its size. In one example of this arrangement, the moisture 
absorbing means is present in the canister as a tablet or bead. In an alternative 
aspect the moisture absort^ing means is not able to pass through the valve because 
it is attached to the canister. 

25 

Examples of moisture absorbing means suitable for use include nylon. 
Another example Is silica gel. Otiier exemplary moisture absoriDing means include 
inorganic materials such as zeolites, alumina, bauxite, anhydrous calcium sulphate, 
water-absorbing clay, activated bentonfte clay, a molecular sieve, or other like 

3 0 materials. When nylon is used it Is preferably supplemented with use of another 

desiccant material having a higher water capacity (sudi as one of the inorganic 
materials just mentioned). 
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The moisture absorbing means should be present in sufficient quantity to 
absorb undesired moisture and will typically have a water absorption capacity of 20- 
50 weight percent. Typically lOOpg to 5g, for example 1mg to 5g, e.g. 100mg to 
5 500mg such as about 100mg to 250mg of moisture absorbing material should be 
adequate for a typical metered dose inhaler. 

in a further embodiment of the invention, the canister and/or valve is partially 
or wholly manufactured of or incorporates a moisture absorbing means, suitably a 
10 deslccant material. Preferably, the material from which the canister and/or valve is 
manufectured will be loaded with at least 5% by weight of the moisture absorbing 
means, more preferably 10 to 80% by weight, espedalty 20 to 60% by weight. One 
embodiment is an acetal valve loaded with a deslccant material which is a molecular 
sieve. 

Loading when used in this specification will be understood to include coating 
and/or lining. However, deslccant which Is loaded may be adsoriied at least in part 
into the material from which the component is manufactured. 

20 Preferably, the moisture absoriDing means is incorporated wUhin the valve 

rather than within the canister. 

When the valve is a metering valve comprising a valve body which defines a 
metering chamber, the moisture absortDlng means may, for example, be 
25 incorporated within the metering chamber of the valve. For example, the metering 
chamber may be partially, or preferabty, wholly manufactured of nylon which is a 
natural deslccant material. Alternatively, the metering chamber may be coated with a 
moisture absorbing means. 

30 The moisture absorbing means may instead (or in addition) be incorporated 

within one or more valve seals. As used herein, "valve seal" Includes one or more of 
the following lower stem seal and/or upper stem seal and gasket seal employed in 



the valve for sealing purposes, generally composed of elastomeric materials. 

In cx)njuncfion with the moisture absorbing means, e.g. desiccant, an 
additional compound may be added to act as a conduit/channelling agent to 
increase/optimise the efficiency of the moisture absorption properties. Such 
materials may include compounds such as polyethylene glycols. 

Any parts of the canister and/or valve, which contact the pharmaceutical 
aerosol suspension, may be coated with the fluorinated coating of the invention. 
Such a coating reduces or eliminates the tendency of medicament particles to 
deposit or precipitate out thereon. Where the valve part is a movable part (e.g. the 
valve stem) the coating also reduces the friction between that part and another part 
of the valve (e.g. the stem seal). Accordingly, a furtiier aspect of the invention 
provides a method of preventing drug deposition in a dispenser for dispensing a 
4nedicament4ia-a-^U4d-propallantJ:ja^ 

drug-dispensing valve, the method comprising the use of a dispenser as defined 
above. 

In a further aspect, the invention provides a canister for housing the 
medicament, wherein one or more of the surfaces of said canister comprise a 
fluorinated coating, wherein said coating is prepared by a process as hereinbefore 
described. 

Typically, the canister contains a pharmaceutical aerosol fomiulation 
comprising a medicament and a fluorocariDon propellent. 

In another aspect, the invention provides a drug-dispensing valve for use in a 
dispenser for dispensing a medicament in a fluid propellent, wherein one or more of 
the surfaces of said valve comprise a fluorinated coating, prepared by a process as 
hereinbefore described. 

Typically, the dnjg-dispensing valve is a drug metering valve. 



The valve suitably comprises a number of components or parts, as known in 
the art. All may independently of the other components be coated with a fluorinated 
coating as hereinbefore defined. Component parts of the valve which may be coated 
5 include, but are not limited to, the metering chamber, valve stem, the upper and 
lower stem seals, neck gasket, spring and body. Suitably, the valve is a metering 
valve. 

Thus another aspect of the invention provides a metering chamber, wherein 
10 one or more surfaces thereof comprise a fluorinated coating according to the present 
Invention. 

A further aspect of the invention provides a valve stem coated with a 
fluorinated coating according to the present invention. Such a coating on the valve 
xs s tem m a y r ed uce its fn c fa'o n al c o n ta ct p rop ert ie s ,-an d tho n oo d for any further stem 
lubricant such as silicone oil is reduced or eliminated. Reducing frictional contact can 
be particulariy advantageous where the valve is employed in a dispenser for boih 
suspension and solution medicament fonmulations. 

20 In order to Improve adhesion of the fluorinated coating to the one or more 

surfaces, the surfaces to be coated may be subjected to a pre-treatment step to 
remove any surface contamination and/or to activate the surface. Accordingly, a 
further aspect of the invention provides a dispenser comprising a canister for 
housing the medicament and a drug dispensing valve, wherein one or more of the 

25 intemal surfaces of the canister and/or valve comprises a fluorinated coating 
prepared by tiie process as hereinbefore defined, characterised in that the one or 
more of the intemal surfaces of the canister and/or valve are provided with a pre- 
treatment step to remove surface contamination and/or to activate the surface. 
Additionally, there is provided a process for the preparation of a medicament 

30 dispenser as hereinbefore defined, said process comprising provWing the one or 
more of the intemal surfaces of the canister and/or valve wth a pre-tneatinent step to 
remove surface contamination and/or to activate the surface, followed by provkJing a 



fluorinated coating on the one or more internal surfaces of the canister and/or valve, 
wherein the coating is prepared by a process hereinbefore defined. 

Where the fluorinated coating is prepared by the fonnation of fluorine- 
5 containing radicals and the polymerisation thereof, the pre-treatment may be 
. achieved by for example treatment of the components with an etching gas such as 
oxygen or argon. Preferably, the etching gas is oxygen. In the process, radicals 
react with the plastic or metel substrate; for example the component is exposed to a 
* low pressure oxygen plasma environment which creates polar groups on the 
10 components surface which are more conducive to bonding with the coating to be 
applied. 

TTie pre-treatment step, for example with oxygen, could be carried out under 
a range of conditions and duration. However, the Applicant has found that the 
1^ following--4»nditiQns-^ppovida--a--ss^ r u n ti me 12(X-seconds^ 

power 400W; gas pressure SOOmTonr; gas flow SOcc^mln; tumbler speed 35rpm. It 
should be noted, however, that the invention is not limited to these conditions and 
that any set of conditions used for a pre-treatment step is within the scope of the 
invention. 

20. 

The dispenser as hereinbefore defined Is suitably incorporated as part of a 
"metered dose inhaler" or "MDI". The tenn "metered dose inhaler or "MDI" means a 
unit comprising a canister, a cap (fenule) covering the mouth of the canister 
(fypicaliy crimped), a drug metering valve situated in the cap, a metering chamber 

25 and a suitable channelling device (actuator) into which the canister is fitted. The 
term "drug metering valve" or "MDI valve" refers to a valve and its associated 
mechanisms which deliver a predetermined amount of drug formulation from an MDI 
upon each activation. The channelling device may comprise, for example, an 
actuating device for the valve and a cylindrical or cone-like passage through which 

30 medicament may be delivered from the filled MDI can via the MDI valve to the nose 
or mouth of a patient, e.g. a mouthpiece actuator. The relation of the parts of a 
typical MDI is illustrated in US Patent 5,261,538, tfie content of which is hereby 
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incorporated herein by reference. The metered dose inhalers may be prepared by 
methods of the art (e.g. see Byron above and US patent 5,345,980, the contents of 
which are hereby incorporated herein by reference). 

5 Thus, in another aspect, the invention provides a metered dose inhaler for 

dispensing a medicament in a fluid propellent comprising a dispenser as defined 
above and a medicament channelling device, such as an actuator. 

In addition to the canister and the valve being provided with a fluorinated 
10 coating of the invention, other component parts of the MDI may also be provided 
with such a coating. Accordingly, a further aspect of the invention provides a ferrule 
having one or more of its surfaces provided with a fluorinated coating of the 
invention. A yet furtiier aspect provides an actuator having one or more of its 
surfaces provided with a fluorinated coating of the invention. 

Suitably, the entire valve or one or more of the valve components are made 
of a non-metal material. Suitable non-metals for use in the valve include 
phamiacologically resilient polymers such as acetal, polyamlde (e.g. Nylon®), 
polycarbonate, polyester (e.g. polybutylterephtiialate (PBT)), fluorocari[x>n polymer 
20 (e.g. Teflon®) or a combination of these materials. Additionally, seals and "O" rings 
of various materials (e.g., nitrite rubbers, polyurethane, acetyl resin, fluorocart»n 
polymers), or other elastomeric materials are employed In and around the valve. 
Alternatively, the valve is made of metal, for example stainless steel, aluminium, 
copper, tin plate and any alloys thereof. 

25 

The valve can have any suitable configuration. Metal and non-metal parts can 
be combined to optimise the performance of the valve. 

Conventionally, the canisters and caps for use In MDIs are rriade of 
30 aluminium or an alloy of aluminium although other metals not affected by the dmg 
formulation, such as stainless steel, an alloy of copper, or tin plate, may be used. 
An MDI canister may also be fabricated from glass or plastics. Preferably, however, 
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the MDI canisters and caps enriployed in the present invention are made of 
aluminium or an alloy thereof. 

The canister is preferably a pressurised container comprising an aluminium 
5 metal vial having a metering valve disposed therein. While the pressurised 
container preferably includes a metering valve, other valve systems are not beyond 
the scope of the present invention. Other vake systems include, but are not limited 
to, wedge gate valve systems, double-disc gate valve systems, globe and angle 
valve systems, swing check valve s^tenis, end cock valve systems, and other like 
10 valve systems, as known in the art Since the pressurised container is preferably 
part of an MDI, the valve design is typically a tunction of provkling a predetermined 
dosage or amount of the dmg contained within the pressurised container to a user. 

The valve typically comprises a valve body having an inlet port through which 

through which the phamiaceutical aerosol may exit the valve body and an 
open/close mechanism by means of which flow through said outlet port is 
controllable. 

20 The valve may be a slide valve wherein the open/close mechanism 

comprises a sealing ring and receivable by the sealing ring a valve stem having a 
dispensing passage, the valve stem being slidably movable within the ring from a 
valve-closed to a valve-open position In which the interior of the valve body is in 
communication with the exterior of the valve body via the dispensing passage. 

25 

The valve may be a metering valve In which the valve body has a metering 
chamber, a sampling chamber and therebetween a second sealing ring vwthin which 
the stem is sIkJably movable, the valve stem having a transfer passage such that In 
the valve-closed position the dispensing passage is isolated from the metering 
3 0 chamber and the metering chamber is in communlcatfon with the sampling chamber 
via the transfer passage, and in the valve-open position the dispensing passage is in 
communication with the metering chamber and the transfer passage is isolated fiom 
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the metering chamber. The metering volumes are typically from 60 to 100 nl, such 
as 50 iii or 63 jU. 

The valve may also comprise a "free flow aerosol valve' having a chamber 
5 and a valve stem extending into the chamber and movable relative to the chamber 
between dispensing and non-dispensing positions. The valve stem has a 
configuration and the chamber has an internal configuration such that a metered 
volume is defined therebetween and such that during movement between Its non- 
dispensing and dispensing positbns the' valve stem sequentially: (i) allows free flow 

10 of aerosol fbmnulatfon into the chamber, (li) defines a dosed metered volume for 
pressurised aerosol formulation between the external surface of the valve stem and 
Intemal surface of the chamber, and (iil) moves with the closed metered volume 
within the chamber without decreasing the volume of the closed metered volume 
until the metered volume communicates with an outlet passage thereby allowing 

IS- dib-pe n sing-of t h e metered vol ume o fpressurised -ae r oso l form ul afi e n. A va l ve of this 
type is described in U.s! Patent No. 5,772,085 the content of which is hereby 
incorporated herein by reference. 

The valve may also have a stmcture and action similar to those aerosol 
20 valves described in European Patent Application No. EP-A-870,699 and PCT Patent 
Application No. W099/36334. the contents of which are hereby incorporated herein 
by reference. 

The neck gasket (sealing ring) may be fornied by cutting a ring from a sheet 
25 of suitable material. Alternatively, the neck gasket may be formed by a moulding 
process such as an injection moulding, a compression moulding or a transfer 
moulding process. 

Typically, the neck gasket(s) comprises an elastomeric material. The ring Is 
3 0 typically resiliently deformable. 
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The elastomeric material may either comprise a themioplastic elastomer 
(TPE) or a therinoset elastomer, which may optionally be cross-linked. The sealing 
ring may also comprise a thenmoplastic elastomer blend or alloy in which an 
elastomeric material is dispersed In a thermoplastic matrix. The elastomers may 
5 optionally additionally contain conventional polymer additives such as processing 
aids, colorants, tackifiers, lubricants, silica, talc, or processing oils such as mineral oil 
in suitable amounts. 

Suitable thermoset rubbers include butyl rubbers, chloro-butyl mbbers, 
bromo-butyi rubbers, nitrile rubbers, silicone rubbers, fluorosillcone rubbers, 
10 fluorocartx)n rubbers, polysulphide rubbers, pdyprop^ene oxide rubbers, isoprene 
rubbers, isoprene-isobutene rubbers, isobutylene rubbers or neoprene 
(polychloroprene) rubbers. 

95 mole percent ethylene and a total of about 5 to about 20 mole percent of one or 
15 more comonomers selected from the group consisting of 1-butene, 1-hexene, and 1- 
octene as known in the art. Two or more such copolymers may be blended together 
to form a thermoplastic polymer blend. 

Another suitable class of thermoplastic elastomers are the styrene-ethylene/ 
20 butylene-styrene block copolymers. These copolymers may additionally comprise a 
polyolefin (e.g. polypropylene) and a siloxane*. 

Thermoplastic elastomeric material may also be selected from one or more of 
the following: polyester rubl)ers, polyurethane rubbers, etfiylene vinyl acetate rubber, 
25 styrene butadiene rubber, copolyether ester TPE, olefinic TPE, polyester amide TPE 
and polyether amide TPE. 

Other suitable elastomers include ethylene propylene diene njbber (EPDIVl). 
The EPDM may be present on Its own or present as part of a thermoplastic 
3 0 elastomer blend or alloy, e.g. in the fonn of particles substantially uniformly 



: .16 
dispersed in a continuous tliermoplastic matrix (e.g. polypropylene or polyethylene). 

Conrimerciaily available thennopiastic elastomer blend and alloys Include the 

SANTOPRENE™ elastomers. Other suitable themnoplastic elastomer blends 

include butyl-polyethylene (e.g. in a ratio ranging between about 2:3 and about 3:2) 

5 and butyl-polypropylene. 

Typically, the stem gasket(s) additionally comprises and/or are coated with 
lubricant material. 

10 In addition, the stem may also comprise lubricant material. Suitably, the valve 

stem comprises up to 30% by weight, preferably from 5 to 20% by weight of 
lubricant material. 

The term 'lubricanf herein means any material that reduces friction between 

^ the-valve-steni-and-^ealT— Suttable-^ubri^i^&4r^ 

polymer such as polytetrafluoroethane (PTFE) orfluoroethylene propylene (PER). 

Lubricant can be applied to the stem, or stem gasket(s) by any surtable 
process including coating and impregnation, such as by injection or a tamponage 
20 process. 

In medical use the canisters in accordance with the Invention may contain a 
phaonaceutlcal aerosol formulation comprising a medicament and a fluonocarbon or 
hydrogen-containing chlorofluorocarbon propellant. 

25 

Suitable propellants include, for example, Ci ^hydrogen-containing 
chlorofluorocarbons such as CH2CIF. CCIF2CHCIF. CF3CHCIF. CHF2CCIF2, 
CHCIFCHF2, CF3CH2CI and CCIF2CH3; Ci ^hydrogen-containing fluorocart^ons 
such as CHF2CHF2, CF3CH2F, CHF2CH3 and CF3CHFCF3; and perfluorocart^ons 
30 such as CF3CF3 and CF3CF2CF3. 



Where mixtures of the fluorocarbons or hydrogen-containing 
chlorofluorbcarbons are employed they may be mixtures of the above identified 
compounds or mixtures, preferably binary mixtures, with other fluorocarbons or 
hydrogen-containing chlorofluorocarbons for example CHCIF2, CH2F2 and 
5 CF3CH3. Preferably a single fluorocarbon or hydrogen-containing 

chlorofluorocarbon is employed as the propeliant. Particularly preferred as 
propellants are ^hydrogen-containing fluorocarbons such as 1,1,1,2- 

tetrafluoroethane (CF3CH2F) and 1,1,1 ,2,3,3,3-heptafluoro-n-propane 

(CF3CHFCF3) or mixtures thereof. 

10 

The pharmaceutical formulations for use in the canisters of the invention 
contain no components that provoke the degradation of stratospheric ozone. In 
parQcular the formulations are substantially fiiee of chlorofluorocartx)ns such as 
CCI3F, CC I2F2 a nd CF3CCI3. 

15 

The propeliant may additionally contain a volatile adjuvant such as a 
saturated hydrocarbon for example propane, n-butane, isobutane, pentane and 
isopentane or a dialkyi ether for example dimethyl ether. In general, up to 50% w/w 
of the propeliant may comprise a volatile hydrocarbon, for example 1 to 30% w/w. 
20 However, formulations, which are free or substantially free of volatile adjuvants are 
preferred. In certain cases, it may be desirable to include appropriate amounts of 
water, which can be advantageous In modifying the dielectric properties of the 
propeliant 

25 The invention is particulaily useful with propellants (including propeliant 

mixtures) which are more hygroscopic than P11, P1 14 and/or P12 such as HFA- 
134a and HFA-227. 

A polar co-solvent such as C2-6 aliphatic alcohols and polyols e.g. ethanol, 
30 isopropanol and propylene glycol, preferably ethanol, may be included In tiie drug 
formulation in the desired amount to improve the dispersion of the formulation, either 
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as the only exciplent or in addition to other excipients such as surfactants. Suitably, 
the drug formulation may contain 0.01 to 30% wAv based on the propellent of a polar 
co-solvent e.g, ethanol, preferably 0.1 to 20% w/w e.g. about 0.1 to 15% w/w. In 
aspects herein, the solvent is added in sufficient quantities to solubilise a part or all 
5 of the medicament component, such formulations being commonly referred to as 
solution fomnulations. 

A surfactant may also be employed in the aerosol tbnmulation. Examples of 
conventional surfactants are disclosed in EP-A-372,777, the content of which Is 
10 hereby incorporated herein by reference. The amount of surfactant employed Is 
desirable in tiie range 0.0001% to 50% weight to weight ratio relatiye to the 
medicament, in particular, 0.05 to 5% weight to weight ratio. 

The final aerosol formulation desirably contains 0.005-10% wAv, preferably 
0 ^05 to 5% w/w, es peda Hy 0 , 01 to 1 . 0% w/w , of medicaroent-retativ^ t o the t otaU 
weight of the formulation. 

I\/Iedicaments, which may be administered in the aerosol fomiulations include 
any drug useful in inhalation therapy. The dispenser of the invention is In one aspect 

20 suitable for dispensing medicament for the treatment of respiratory disorders such 
as disorders of the lungs and bronchia! tracts including asttima and chronic 
obstructive pulmonary disorder (COPD). In another aspect, the invention is suitable 
for dispensing medicament for the treatment of a condition requiring treatment by the 
systemic circulation of medicament for example migraine, diabetes, pain relief, e.g. 

25 witii inhaled morphine. 

Accordingly, in one aspect of the invention, there Is provided the use of a 
dispenser or MDI according to the invention for the treatment of a respiratory 
disorder, such as asttima and COPD. Additionally, the present invention provides a 
30 method of treating a respiratory disorder such as, for example, asthma and COPD, 
which comprises administration by inhalation of an effective amount of an aerosol 
formulation as herein described from a dispenser or MDI of the present invention. 



■ • •■■■""=WO-"03/024622 - 



19 



A further aspect of the invention provides the use of a dispenser or IVIDI 
according to the invention for the treatment of a condition requiring the systemic 
circulation of a medicament, such as, for example, migraine, diabetes, dironic pain. 



The present invention also provides a method of treating a conditbn requiring 
the systemic circulation of medicament, such as, for example migraine, diabetes and 
chronic pain, which comprises administratton by inhalation of an effective amount of 
an aerosol fomriulation as herein described from a dispenser or MDI or the present 
10 invention. 

Appropriate medicaments may thus be selected from, for example, 
analgesics, e.g., codeine, dihydromorphine, ergotamine, fentanyl or morphine; 
anginal preparations, e.g., diltiazem; antiallergics, e.g., cromoglycate (e.g. s the 

i& sodiuro-salt)rJ<etotifen-or-jnedocroCTl4e.g,-as-ilm-^^ s a lt); a nt iin f ec t iv fi s fi.g ,. 
cephalosporins, penicillins, streptomycin, sulphonamides, tetracyclines and 
pentamidine; antihistamines, e.g., metiiapyrilene; anti- Inflammatories, e.g., 
bedomethasone (e.g. as the dipropionate ester), fluticasone (e.g. as tiie propbnate 
or furoate ester), flunisolide, budesonide, rofleponide, mometasone e.g. as the 

20 furoate ester), ciclesonide, triamcinolone (e.g. as the acetonlde) or 6a, 9a-difluoro- 
1 1 p-hydroxy-1 6a-methyl-3-oxo-1 7a-propionyloxy-androsta-1 ,4Hdlene-17p- 
carfctothbic acid S-(2-oxo-tetrahydro-luran-3-yl) esten antitussives, e.g., ncecapine; 
bronchodflators, e.g., albuterol (e.g. as free base or sulphate), salmeterol (e.g. as 
xinafoate), ephedrine, adrenaline, fenoterol (e.g. as hydrobromlde), formoterol (e.g. 

25 as iijmarate), isoprenallne, metaproterenol, phenylephrine, phenylpropanolamine, 
pirbuterol (e.g. as acetate), reproterol (e.g. as hydrochloride), rimlterol, terbutaline 
(e.g. as sulphate), isoetharine, tulobuterol or 4-hydroxy-7-[2-[I2-p-(2- 
phenylettioxy)propyl]sulfonyl] etfiyl]amino]etiiyl-2(3H)-benzottiiazolone; adenosine 
2a agonists, e.g. 2R,3R,4S,5R)-2-[6-Amino-2-(1S-hydroxymettiyl-2-phenyl- 

30 ethylamino)-purin-9-yl]-5-(2-ettiyl-2H-teti^ol-5-yl)-tetrahydro-funan-3,4-diol (e.g. as 
maleate): 04 Integrin inhibitars e.g. (2S)-3-[4-({[4-(aminocarbonyl)-1- 
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piperidinyl]caitonyI}oxy)phenyQ-2-[((2S)-4-methyl-2-{I2-(2-methylpheno 
acetyl]amino}pentanoy0aminol propanoic acid (e.g. as free acid or potassium salt), 
diuretics, e.g., amiloride; anticholinengics, e.g., ipratropium (e.g. as bromide), 
tiotropium, atropine or oxitropium; hormones, e.g., cortisone, hydrocortisone or 
5 prednisolone; xanthines, e.g., aminophylline, choline theophyllinate, lysine 
theophyllinate or theophylline; therapeutic proteins and peptides, e.g., insulin or 
glucagon; vaccines, diagnostics, and gene therapies. It will t>e dear to a person 
sillied In the art that, where appropriate, the medicaments may be used in the fomi 
of salts, (e.g.. as alkali metal or amine salts or as acid addition salts) or as esters 
10 (e.g., lower alkyl esters) or as solvates (e.g., hydrates) to optimise the activity and/or 
stability of the medicament. 

Preferred medicaments are selected from albuterol, salmeterol, fluticasone 
propionate and beclomethasone dipropionate and salts or solvates thereof, e.g., the 
xs. -sulphateLolalbu terol and the xinafbate nf j salmetero l. 

Medicaments can also be delivered in combinations. Preferred formulatjons 
containing combinations of active ingredients contain salbutamol (e.g., as the tree 
base or the sulphate salt) or salmeterol (e.g., as the xinafoate salt) or formoterol 

20 (e.g. as the fumarate salt) in combination with an anti-inflammatory steroid such as a 
beclomethasone ester (e.g., the dipropionate) or a fluticasone ester (e.g., the 
propionate) or budesonide. A particularly preferred combination is a combination of 
fluticasone propionate and salmeterol, or a salt thereof (particularly the xinafoate 
salt). A further combination of particular interest Is budesonide and fomnoteroi (e.g. 

25 as tiie fumarate salt). 

Parh'culariy preferred formulati'ons for use in the canisters of tiie present 
invention comprise a medicament and a Ci_4 hydrofluoroalkane partlculariy 1,1,1,2- 
teti-afluoroethane and 1,1,1,2,3,3,3wvheptafluoropropane or a mixture theneof as 
30 propellant 
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Conventional bulk manufacturing methods and machinery well known to 
those skilled In the art of phamnaceutical aerosol manufacture may be employed for 
the preparation of large scale batches for the commercial production of filled 
canisters. Thus, for example, in one bulk manufacturing method a metering valve Is 
5 crimped onto a can to fonn an empty canister. The particulate medicament Is added 
to a charge vessel and liquefied pnopellant is pressure filled through the charge 
vessel into a manufacturing vessel. The drug suspension is mixed before re- 
circulatfon to a filling machine and an aliquot of the drug suspension is then filled 
through the metering valve into the canister. Typically, In batches prepared for 
10 pharmaceutical use, each filled canister is check-weighed, coded with a batch 
number and packed into a tray for storage before release testing. 

Each filled canister is conveniently fitted into a suitable channelling device 
prior to use to form a metered dose inhaler for administration of the medicament into 
^ .fee^ifflgs-^i^asal--cavi%M:yf--a--pat}ent^u de> ^c es o o m p ri s e f or, 

example a valve actuator and a cylindrical or cone-like passage through which 
medicament may be delivered from the filled canister via the metering valve to the 
nose or mouth of a patient e.g. a mouthpiece actuator. Metered dose inhalers are 
designed to deliver a fixed unit dosage of medicament per actuation or "pufT, for 

2 0 example In ihe range of 2 to 5000 microgram medicament per puff. 

Administration of medicament may be indicated for the treatment of mild, 
moderate or severe acute or chronic symptoms or for prophylactic treatment. It will 
be appreciated that the precise dose administered will depend on the age and 
25 condition of the patient, the particular particulate medicament used and the 
frequency of administration and will ultimately be at the discretion of the attendant 
physician. When combinations of medicaments are employed the dose of each 
component of the combination will in general be that employed for each component 
when used alone. Typically, administration may be one or more times, for example 

3 0 from 1 to 8 times per day, giving for example 1 ,2,3 or 4 puffe each time. Each valve 

actuation, for example, may deliver 5|ig, 50|ag, lOOjig, 200fig or 250|ig of a 
medicament. Typically, each filled canister for use in a metered dose Inhaler 
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contains 60, lOOi 120 or 200 metered doses or puffe of medicament, the dosage of 
each medicament is either known or readily ascertainable by those sidlied in the art. 

It will be understood that the present disclosure is for the purpose of 
illustration only and the invention extends to modifications, variations and 
improvements thereto which will be within the ordinary skill of the person skilled in 
the art. 



CLAIMS 



1 . A medicament dispenser comprising a canister and a drug dispensing valve, . 
5 wlierein one or more surfaces of said canister and/or valve has a fluorinated coating 
provided by a process comprising generating one or more fluorine-containing radical 
species and polymerising said radicals on said one or more surfaces, provided that 
the radicals are generated by a hot filament chemical vapour process, or by 
pyrolisation of a fluoropar^dene dimer, or by using a photo initiator to create radicals 
1 0 from a fiuoroacrylate, or by laser alt)lation of a fluoropolymer target 

2. A medicament dispenser comprising a canister and a drug-dispensing valve, 
wherein one or more surfaces of said canister and/or valve has a fluorinated coating 
provided by a process comprising incorporating a fluorine-containing species into a 

-3^ 4lquid-4Dr-^asT-depositiRg~a-4uorme=<»ntai^ 

and thereafter optionally removing the liquid or gas. 

3. A medicament dispenser according to claim 2, wherein the fluorine-containing 
species is incorporated into a supercritical fluid. 

20 

4. A medicament dispenser according to claim 2 or 3, wherein the fiuorine- 
conteining species Is a fluoropolymer. 

5. A medicament dispenser according to claim 2, wherein the fluorine-containing 
25 species is incorporated into a solvent. 

6. A medicament djspenser according to claim 5, wherein the fluorine-containing 
spedes Is a fluoropolymer. 

30 7. A medicament dispenser according to claim 2, wherein a nanoemulsion of a 
fluoropolymer is applied to one or more surfaces of the canister and/or valve. 
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8. A medicament dispenser according to claim 2 wherein tlie fluorine-containing 
species is incorporated into an inert gas. 

9. A medicament dispenser according to claim 8, wherein the fluorine-containing 
5 species is fluorine gas. 

10. A medicament dispenser according to any preceding daim, wherein the 
fluorinated coating gives a contact angle of greater than 70 degrees. 

10 11. A medicament dispenser according to any preceding daim, wherein the 
dispenser further comprises moisture absortDing means. 



1Z A medicament dispenser according to claim 11, wherein the canister and/or 
valve is partially or wholly manufactured of or incorporates the moisture absorbing 
LS means- 



13. A canister for housing a medicament wherein one or more surfaces of said 
canister comprises a fluorinated coating provided by a process comprising 
generating one or more fluorine-containing radical species and polymerising said 
2 0 radicals on said one or more surfaces, provided that the radicals are generated by a 
hot filament chemical vapour process, or by pyrolisation of a fluoroparylene dimer, 
or by using a photo initiator to create radicals from a fluoroacrylate, or by laser 
ablation of a fluoropolymer target. 

25 14. A canister for housing a medicament, wherein one or more surfaces of said 
canister comprises a fluorinated coating provided by a process comprising 
incorporating a fluorine-containing species Into a liquid or gas, depositing a fluorine- 
containing layer on said one or more surfaces, and thereafter optionally removing 
the liquid or gas. 

30 

15. A drug-dispensing valve for use in a dispenser for dispensing a medicament 
in a fluid propellent, wherein one or more surfaces of said valve comprise a 



fluorinated coating provided by a process comprising generating one or more 
fluorine-containing radical species, polymerising said radicals on said one or more 
surfaces, provided tliat tlie radicals are generated by a hot filament chemical vapour 
process, or by pyrolisation of a fluoroparylene dimer, or by using a photo initiator to 
5 . create radicals from a fluoroacrylate, or by laser ablation of a fluoropolymer target 

16. A drug-dispensing valve for use in a dispenser for dispensing a medicament 
in a fluid propellant, wherein one or more surfaces of said valve comprise a 
fluorinated coating provided by a process comprising incorporating a fluorine- 

10 containing species Into a liquid or gas, depositing a fluorine-containing layer on said 
one or more surfaces, and thereafter optionally removing the liquid or gas. 

17. A drug-dispensing valve according to claim 15 or 16, wherein the drug- 
dispensing valve is a drug-metering valve. 

18. A drug-dispensing valve according to any one of claims 15 to 17, wherein the 
fluorinated coating is provided on one or more valve components selected from the 
group consisting of a metering chamber, valve stem, upper stem seal, lower stem 
seal, neck gasket, spring and body. 

20 

19. A drug-dispensing valve according to any one of claims 15 to 1 8, wherein the 
-fluorinated coating Is provided on one or more surfaces of a metering chamber. 

20. A metering chamber, wherein one or more surfaces thereof are provided with 
15 a fluorinated coating provided by a process comprising generating one or more 

fluorine-containing radical species and polymerising said radicals on said one or 
more surfaces, provided that the radicals are generated by a hot filament chemical 
vapour process, or by pyrolisation of a fluoroparylene dimer, or by using a photo 
Initiator to create radicals from a fluoroacrylate, or by laser ablation of a 
0 fluoropolymer target. 




21 . A metering chamber, wherein one or more surfaces thereof are provided with 
a fluorinated coating provided by a process comprising Incorporating a fluorine- 
containing species Into a liquid or gas. depositing a fluorine-containing layer on said 
one or more surfaces, and thereafter optionally removing the liquid or gas. 
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22. A valve stem, wherein one or more surfaces thereof are provided with a 
fluorinated coating provided by a process comprising generating one or more 
fluorine-containing radical species and polymerising said radicals on said one or 
more surfaces, provided that the radicals are generated by a hot filament chemical 

10 vapour process, or by pyrolisafon of a fluoroparylene dimer, or by using a photo 
Initiator to create radicals from a fluoroacrylate, or by laser ablation of a 
fluoropolymer target 

23. A valve stem, wherein one or more surfaces tiiereof are provided with a 
jLs. t'Qrinat"^ mating provi riftd h y a pmcRss comn risinq i nfx?rpQr a tinq a fluorine- 

contalnlng species Into a liquid or gas, depositing a fluorine-containing layer on said 
one or more surfaces, and thereafter optionally removing the liquid or gas. 

24. A medicament dispenser according to any one of claims 1 to 12, a canister 
20 according to daim 13 or 14, a valve according to any one of daims 15 to 19, a 

metering chamber according to claim 20 or 21 or a valve stem according to dalm 22 
or 23. wherein the one or more surfaces are provided with a pre-treatment step prior 
to being provided with the fluorinated coating to remove surface contamination 
and/or to activate the surface. 

25 

25. A metered dose inhaler for dispensing a medicament in a fluid propellent, 
comprising a dispenser according to any one of daims 1 to 12, and a medicament 
channelling device. 

30 26. A process for producing a medicament dispenser according to claim 1, a 
canister according to dalm 13, a vah^e acconding to claim 15, a metering chamber 
according to daim 20 or a valve stem according to dalm 22 comprising the steps of 
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generating one or nnore fluorine-containing radical species by a liot filament 
chemical vapour process, or by pyrolisation of a fluoroparylene dimer, or by using a 
photo initiator to Create radicals from a fiuoroacrylate. or by laser ablation of a 
fluoropolymer target and polymerising said radicals on said one or more surfaces. 

5 

27. A process for produdng a medicament dispenser according to any one of 
claims 2 to 9, a canister according to daim 14. a valve according to dalm 16, a 
metering chamber according to claim 21 or a valve stem according to claim 23 
comprising the steps of incorporating a fluorine-containing species Into a liquid or 

10 gas. depositing a fluorine-containing layer on said one or more surfaces, and 
thereafter optionsdly removing the liquid or gas. 

28. The use of a medicament dispenser according to any one of claims 1 to 1 2 or 
a metered dose inhaler according to claim 25 for the treatment of a respiratory 

15. flisorder. 

29. A method of treating a respiratory disorder, comprising administering by 
inhalation an effective amount of medicament in a fluid propellant fix)m a dispenser 
according to any one of claims 1 to 12 or a metered dose inhaler according to claim 

20 25. 

30. The use of a medicament dispenser according to any one of claims 1 to 1 2 or 
a metered dose Inhaler according to claim 25 for the treatment of a condition 
requiring systemic circulation of a medicament 

25 

31. A method of treating a condition requiring systemic circulation of a 
medicament comprising administering by inhalation an effective amount of 
medicament in a fluid propellant from a dispenser according to any one of claims 1 
to 12 or a metered dose inhaler according to daim 25. 

30 
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